Objective: To determine the prevalence of abdominal aortic aneurysm (AAA) in patients with chronic obstructive pulmonary disease (COPD) and to assess the characteristics of these patients.
Introduction
Abdominal aortic aneurysm (AAA) is defined as a permanent dilatation of the abdominal aorta and becomes visible when the diameter is ≥3 cm below the renal artery level. It is usually asymptomatic until a clinical status of rupture, which is associated with a higher mortality risk and requires emergency surgical intervention. However, only 10%-25% of individuals with ruptured AAAs survive until hospital discharge [1, 2] .
Although the etiology of AAA remains unclear, atherosclerosis, degenerative changes in collagen and elastin fibers in the tunica media, and chronic inflammation are presumed to be responsible factors [1, 3] . Age, smoking status, and family history are the most important predisposing factors [2, 3] . The prevalence of AAA has been reported to be between 3% and 8%, and the incidence increases in concordance with age [1, 2] . Deaths associated with AAA in United States increased approximately 20% in 1991 when compared with that in 1979; however, the increase is presumed to be in concordance with the increase in ultrasonography use. Abdominal ultrasonography (AUS) is a noninvasive and relatively cheap procedure that is nearly 100% effective for detecting clinically important aneurysms [1, 2] .
Chronic obstructive pulmonary disease (COPD) is an important cause of morbidity and mortality worldwide. It is characterized with progressive airway obstruction because of chronic inflammation in the lungs. Recent epidemiological studies have shown that considerable chronic comorbidities, mainly cardiovascular diseases, contributed to COPD [4, 5] . Although several studies suggest that COPD is associated with AAA development and engenders an additional risk factor for AAA rupture when smaller aneurysms are present, the literature regarding a potential association between the presence of COPD and AAA remains limited [4, [6] [7] [8] . Furthermore, there is no prevalence study that reflects an epidemiological status of Turkey.
We conducted a preliminary study by performing AUS in a cohort of COPD patients to detect the prevalence of AAA and to assess the characteristics of patients with the diagnosis of AAA at a single center in Turkey.
Materials and Methods
The study was conducted in a single tertiary referral thoracic center by a cross-sectional design after the approval of the local institutional human research committee and followed the ethical guidelines given in the Declaration of Helsinki.
Stable COPD patients who were aged >40 years and had COPD diagnosis, according to the global initiative for chronic obstructive lung disease (GOLD) 2014 Guidelines, for at least 1 year were included in the study between January 1, 2014 and July 1, 2014, after an informed consent was obtained from each participant [9] . Using the GOLD criteria, COPD was defined as patients with dyspnea, chronic cough, or sputum production and a history of exposure to risk factors for the disease (tobacco smoke, smoke from cooking at home and heating fuels, occupational dusts, and chemicals) with a spirometric criterion for airflow limitation (i.e., post-bronchodilator forced expiratory volume during the 1st second (FEV 1 ) divided by forced vital capacity (FVC) of <70%) [9] .
Spirometry was performed on all COPD patients (SpiRE zan 100-gpı 3.00 pulmonary spirometer, nSpire Health Inc.), and 20 min after inhalation (using 400 µg salbutamol with e-metered dose inhaler), the measurement was repeated [10] . All pulmonary function tests (PFT) were performed by the same technician and with the patients in a sitting position. The patients with acute exacerbations and a previous lung resection and who have AUS suboptimal were excluded. The patients were questioned for clinical, demographical characteristics and comorbid diseases. Postbronchodilator PFT and radiological examination with AUS for aneurysmal diagnosis were performed.
Data of age, sex, smoking status and duration, presence of comorbidity, PFT, and arterial blood gas analysis results of the patients were recorded. The modified Medical Research Council (mMRC) dyspnea scale was used to assess the severity of breathlessness [11] . COPD assessment test (CAT) was performed [12] .
All COPD patients were classified according to the GOLD stage. The GOLD stages of all COPD patients were determined by assessing symptoms (CAT score), breathlessness (mMRC grade), spirometric classification, and risk of exacerbations [9] . When there were discrepancies between CAT and mMRC scores, the worse one was used for determining the GOLD stage.
AUS on empty stomach was performed on all patients by the same radiologist (General Electric Logic 7, Germany device with 3.5-MHz convex probe). Abdominal aortic diameter was measured with AUS at diaphragm level and bilateral renal artery and iliac artery level. Plaque formation, aneurysm, and thrombus presence and dimensions were recorded. AAA was diagnosed as an aortic diameter ≥3 cm at the renal artery level in AUS.
Statistical analysis
Definitive statistical data of the sociodemographic and clinical variables were indicated as frequency, percentage, average, and standard deviation (SD). To compare continuous variables with non-normal distribution, nonparametric tests (Mann-Whitney U test) were used. A p value of <0.05 was considered significant.
Statistical analysis was made with Statistical
Package for the Social Sciences version 17.0 (SPSS Inc., Chicago, IL, USA).
Results
According to the study criteria, 88 patients were included in the study; however, six patients were excluded because of suboptimal AUS evaluation. Table 1 and 2 show the characteristics of COPD patients with and without AAA. The mean age of the patients was 66.2±9.3 years, and 71 (86.6%) patients were males and 11 (13.4%) were females.
Findings of COPD patients with AAA AAA was detected in five (6.1%) patients. The average age of the patients with AAA was 65.2±8.2 years, and four (80%) were males and one (20%) was female. Three (60%) patients were smokers and two (40%) were former smokers; the average duration of smoking was 50±18.7 pack-years. Four patients with AAA had diabetes mellitus (DM), hypertension (HT), and coronary artery disease (CAD). The mean absolute FVC value was 1.56±0.3 L, mean absolute FEV 1 was 0.82±1.9 L, and FEV 1 /FVC was 30±13.8 ( Table 2 ). The average mMRC score was 3.2±0.4, and the mean CAT score was 18.4±6.0. According to the GOLD staging system, two patients were in group C and three were in group D. The mean abdominal aortic diameter was 21.2±2.5 mm at the diaphragm level, 26.6±11.5 mm at the renal artery level, and 32.9±21.7 mm at the iliac artery level (Table 2 ). Aneurysm localization was at the renal artery level in three (60%) patients and at the iliac artery level in two (40%) patients. Plaques were observed in the abdominal aorta in all patients, and thrombi were demonstrated in three (60%) patients. Aneurysmal diameter was >55 mm in four patients and 37 mm in one patient. Three patients whose aneurysmal diameters were >55 mm underwent endovascular treatment at the cardiovascular surgery department; the patient with the aneurysmal diameter of 37 mm was closely followed up using serial AUS.
Findings of COPD patients without AAA The average age of the patients without AAA was 66.2±9.4 years. Of the 77 patients, 67 (87%) were males and 10 (13%) were females. Twenty-four (31.2%) patients were active smokers, 45 (58.4%) were former smokers, and eight (10.4%) were never smokers ( Table 1) . The average smoking duration was 45.0±20.6 pack-years. Comorbidities were detected in 28 (36.4) patients; 13 (38.7%) patients had HT, seven (22.6%) had DM, six (7.8%) had heart failure, and two (6.5%) had CAD. According to PFT parameters, the average absolute value of FVC was 1.57±0.6 L, that of FEV 1 was 0.96±0.5 L, and FEV 1 /FVC was 37.6±16.2 ( Table 2 ). The mean mMRC score was 3.0±0.9, and the average mean CAT score was 21±8.9. When the patients were classified according to the GOLD staging system, one (1.8%) patient was found to be in group A, 13 (22.8 %) were in group B, and 43 (75.4%) were in group D. No patient was in group C ( Table 2 ). The mean abdominal aortic diameter was 19.7±3.3 mm at the diaphragm level, 16.9±3.3 mm at the renal artery level, and 15.6±3.0 mm at the iliac artery level. Statistically significant differences were found between patient with AAA and those without AAA with respect to the mean abdominal aortic diameters at the renal artery and iliac artery levels (p=0.012 and p=0.002, respectively) ( Table 2 ).
When we compared the two groups, patients with AAA had more severe COPD than those without AAA. In addition, patients with AAA had higher mean CAT and mMRC scores and FEV 1 values than those without AAA. Patients with AAA were mostly heavy smokers and had a higher rate of comorbidities such DM, HT, and CAD. However, the difference between the two groups according to these parameters was not statistically significant (Table 1 , 2). The mean abdominal aortic diameters measured at different levels were higher in patients with AAA than in those without AAA. Aortic diameters measured at the renal and iliac artery levels were statistically higher in patients with AAA than in those without AAA (p=0.012 and p=0.002, respectively).
Discussion
AAA is a life-threatening vascular pathology, particularly if it ruptures. Early diagnosis is vital and may result in a permanent cure. Major risk factors for the AAA development include an age of >65 years, smoking, HT, and a presence of a vascular disease [1] [2] [3] . In recent years, COPD has been accepted to be a predisposing factor for AAA development [4, [6] [7] [8] .
To the best of our knowledge, this is the first national study to reflect data from a cross-sectional trial on the association between COPD and AAA. In this preliminary study, we investigated AAA prevalence in a cohort of stable COPD patients in the study designed by cross-sectional manner and assessed the characteristics of COPD patients diagnosed as having AAA. We found AAA prevalence to be only 6.1% in this cohort that mostly included severe COPD (68.8%). Although the sample size of patients with AAA was too small to compare, they had more severe COPD than those without AAA, according to a poorer mean CAT and mMRC scores and FEV 1 values in patients with AAA than those without AAA. Patients with AAA were mostly heavy smokers and had some comorbidities such DM, HT, and CAD. However, there is no statistically significant difference between the two patient groups according to these parameters because of the small sample size. As a result, our cohort of COPD patients with AAA had characteristics similar to those reported in the literature. Furthermore, the abdominal aortic diameters measured at the renal and iliac artery levels were statistically higher in patients with AAA than in those without AAA (p=0.012 and p=0.002, respectively). Aneurysmal diameters were critical for rupture (>55 mm) in four patients, of which three underwent an endovascular treatment. Thus, unfavorable outcomes of AAA such as rupture and mortality were prevented.
The association between AAA and COPD was first reported by Cronenwett et al. [6] in 1985. They suggested that COPD was more frequent in patients with a ruptured aneurysm. Van Laarhoven et al. [7] examined 362 COPD patients aged >65 years and reported a higher AAA prevalence, with a rate of 9.9%. AAA prevalence was statistically higher in more severe COPD patients (FEV 1 <55%) than in milder COPD patients. Moreover, patients with AAA had a more cumulative smoking duration than those without AAA. Meijer et al. [8] suggested that there was an association between COPD and AAA that was independent of the smoking status and that COPD was more Using the national data, our preliminary study aimed to detect a possible association between COPD and AAA as there is no such published report in our country. Our results are consistent with those reported in the literature. However, the sample size of patients with AAA is inadequate to compare the patients with or without AAA, and thus, performing an important statistical analysis was not possible to reach a significant conclusion. However, we hope to draw attention to AAA in COPD patients with asymptomatic AAA and to emphasize on the diagnostic role of AUS for AAA. Another important limitation is that our cohorts included mostly severe COPD patients and did not represent patients with different COPD severity stages because our hospital is a tertiary referral center for chest diseases where mostly severe COPD patients are followed up.
This preliminary cross-sectional study reflects the first national data on the association between COPD and AAA. Our findings suggest that AAA is associated with COPD, with a prevalence rate of 6.1%, and patients with AAA had characteristics similar to those reported in the literature; the presence of AAA in COPD patients might be easily determined using AUS as a simple diagnostic tool, so that it is possible to assess which COPD patients have a higher risk for AAA and require treatment. However, further large-scale studies are needed to establish the true aspects of AAA in COPD patients.
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